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‘J’he Wjde Fj e] d and }’1 anc~ary Camera (WY’I’C) ~s the prj ncj pa]
j nst.rument. c)f the }Iubb] e Spacx? 11’cl CSCC)PC (lIS’l’) , oczupyj ng t-he
ccmt.ral port. j c>n of the} t-e] escc)pe ?s fcxal p] ant?. Thc~ Wide Fj c1 d
C:amcra meets the orj gj na] 1 y Concej VCCI rec]uj rcmcmt- f c~r an j n~agj ng
devjcm that covers a square fjcl d of view 2.67 arc mjnu~~s ~n a
sjde wjth a pixel ~jzc of O. g arc sacond. ‘l’he so-cal 1 Cd P] anetary
Camera of WFPC offers a 1 ol~ge.r cffectjve focal 1 ength cwer- a
sma] 1 er f“je]d (yjc]djng O. 043 arc second pm pjx~:l ) to bet~~~r
samp] c the poj nt spread func+j on clf the t.e] ascope for crjtj cal
de fjnjt-jon j magi ng. ~’he fj rst gmerati on WF’PC (WplW--3 ) was
jnjtjat.ed in late 3977 and 1 aunched with the lIS’I’ in Aprj 1 , 1990. A
second generatj on backup j nst, rumcmt. (WF’PC--2 ) cxlrrent.1 Y schedul Cd
fc)r 1 aunch i n ) ate 1993 wj 11 carry cc)rrect.  jv~ optj cs to restore the
f’] awed vi sj on c)f the II S’11. ~’hc prc~sent. paper t,races the hj story c)f
these dcwel opmcmts.

~:AR1 IY 1]1 S’J’OIRY
The coInccpt of a 1 arge astronomj cal t.el cscope c~rbj tj ng above

t,hc Nart.h Is at.mospherc? [ 1 ] was f j rs.t proposed by Prc~f. 1 ,ynlan
Spjt. zer, J:r. of Yal e Unjvcrsj t-y (later professor at l’rj nceton
Univcrsjty) in the late 3940’s. A t.el escope operatj ncj above the
atmosphere. has man y j nherent. aclvant. ages CN e r ground based
obscrvat.orj es: rc?sc>l ut, j on js not. degraded by atmosphorj c llseej ngt’
and SO can approach a 1 j mj t. j reposed on] y by dj ff’ract. j on; the
accessjbl c spcct. ral regj on can be ext. cmdcd far j nt. o the vacuum
u] t.ravj o] ct. be] ow 330nm, whj ch js j naccessjbl e to grourlcl  based
obs~rvator-j e.s because the at.mos.pherc!  j s c)pacple at. t.hcse
wave] engths. An orbj tj ncj observat.c)ry  can a] so opc>rat-e  arcnmd t.hc
clock.



After tile format. i on 0 f NASA the. concept was st.udi cd
cxtcnsjve]y in t-he ‘60’s and early ‘70/s. First- conceived as the
111 ,arge- spa~e ~’~>1  C? SCO~C” (11ST) of up to 5 meters 1 ape. rt.ure. , 5 t.s name
was 1 a~cr changed to Space l’e] escope (S’1’) when the Space ShuLt.1 e
became the 1 aunch vehi c1 e of choj cc j n 19“/ [ -2 ] , and t-he S~”s
aperture had t.o be constrained to f-it wi t-hi n the cargo bay of” t-he
Shutt] e. When the S’1’ Project. was approved for f 1 i ght. under the
dj rect. j on c]f the Marshal 1 Space }1’I j ght Center j n 1 ate 3976 (the
start. of fj seal 2 9“/”/) the base) ine clcsign cal led for a 2.4n~ F\24
tel escope with five ~,~i ~l~l~i f j c j nst. runlents -

or S1 ‘s as they are
Cal 1 C!cl . ]n additj on, there were c>f cc)urse al 1 the usual 1 y requi red
spacecraft. systems p] us a very high performance poj n~j ng control
syst.cm usi ng a set of pine Guidance Sensors (collec~jve]y  called
the 11’GS ) . T h e  FGS js capabl c of stabj 1 j zj ng the observatory to
wi t.hi n ~ O. 007 arc seconds for ex~ended perj ods of time. Pi gurc 1
shows a cutaway drawing of the compl et.ed observatory.
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An additional and uni que constraint (for a scjen~j fic
obsarvat.ory) was the requj remc?nt j reposed 01”1 t.hc S’11 that j t. bc
designed tc) be serviced i n space. l’hjs concept uses the Space
Shutt,l e to carry astronauts tc) engage i n Rxtra Vehi CUI ar Act. jvjt-j es
for scrvj cing purposes. l’hc f j rst clemonst.rat.  j on of t.hjs capabj 1 j ty



will be the servicing mjssion schedu] cd for 3 ate 3993, in which
corrective opti cs for t.hc f] awed HST primary wj 11 be jnsta] 1 ed,
a] ong wj Lh other rcpai rs and rep) accmcnts.

!l’he ,i nstrument that. became WFPC-3 was se) cctcd on a
compctjtive basis as a IJl (1’rincipal Investigator) 1 nst’rurnent
through an Announcement of Opportunj t-y i ssucd by NASA j n 397 [ 5 ] .
Prof. James A. West,phal of Cal tech and hi s team were se] ected jn
3 9“/7 to deve] op it as t,he prjme jmagjng jnstrumcnt, l)rof. Westpha]
had arranged for the camera to bc buj 1 t by Jet. Propu] si on
],aboratory (J Pi,) , whj ch j s managed by Cal tech for NASA. At the time
of se] ect. i on the camera was to be delivered in 3980 for a 3982
1 aunch. ~’he concept of the camera CVOI ved rapi cl] y i n the early
post-proposa] phases of i ts clesi gn, u] timatel y acquiring the dual
focal ra~i os that 1 cd to the name WF’1’C. Fjgure 2 is a cutaway
drawing showing the principal features of WF1)C-3 .
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Rep] acernent instruments were to be avaj 1 abl c to support
Scrvj ci ng Mi ssi ons on a five year i ncrcmcnt.a]  time i ntcrval . I)el ays
and changes i n the Shuttle devel opment program caused consequcnti  al
c3el ays i n the devel opment of both the ST and the S1 ‘s associ atcd
wi t-h it. Thi s rcsul ted in de] ays to both the 1 aunch and the
i ni ti ati on of the devel oprnent of the “second generati on’l sci enti fi c
i nstruments. 1 n 1984 wi t.h t.hc 11S1’ scheduled for 3 aunch in 1986, a
deci sion was made to obtain a dupl icate -- or “cl one” -- of the
first WF\PC to ensure that the HS1’ imaging capabi 1 ity was
backstopped. ‘1’his second camera was to be delivered in 1988 [2] .
With the Chal 1 enger acci dent of’ January 1986, the p] anned 1 aunch of
the IIS~’ was, de] ayed to 3989. Cl early the second camera WOU1 d not be
required as car] y as 3988; hence its development was stretched out
to preserve resources. A for~~li t,ous scientific result of this
ci rcumstance was the opporturli ty to reassess the requi rcrnents for
achi evi ng good UV performance of the instrument. 1 n parti CU3 ar, the
performance shortward of’ 200nm was of great interest and some
judicious j mprovement. s were identi f i ed to ensure that the FUV
performance of the camera would not. be compromised. Key issues were
(3 ) the use of material s that had ultra-low outgassing properties,
(2) use of mat.erj als that WOUI d not. tend to condense on surfaces at
-“foe, ( 3 ) devel oprnent of improved FLJV CCD per fcjrrnancc?,  and ( 4 )
se] ecti on of an upgraded fi 1 ter set.

The HST was 1 aunched on Apri 1 24, 1990 from the Kennedy Space
Center. At that time, the secc)nd camera was schedu] cd for de] i very
in the 399!5 time frame.

SPIIERl~AI, AFHl~TION

l’he first images returned from the observatory in May of 1990
showed abnormal charact.eri  st. i cs and various di fficul ties were
encountered in 11 fine tuninglt the tel escope’s performance. From
.ext,ensive exami nati on of the images the conclusi on was reached by
the sci ence team and workers at. J] ’I, and the Space ~’el escope
~nst. itute, that. the HS1’ opti cs were f) awed by a 1 arge measure of
spheri cal aberrati on.

1 t was recogni zed almost from the outset that i f the primary
mi rror of It.he HST happened tc} be the cause of the probl em (as the
resu] t. of havi ng an i ncorrect aspheri c shape) , the fix WOUI d be
rcl at. ivel y straightforward, at 1 east for WFPC. 1 n WFI’C there are
eight two-mj rror relays that serve to re-image the prjrne focus of
the tcl escope onto the detectors at, IJ\3 2.9 ( for the WFC mode) and
11’\30 ( for the PC) . For t.echni cal reasons these optical systems were
CIC:Si gned to form real images of the 11ST’ primary rni rror at, certain
1 ocati ons withj n each relay camera. 1 n the case of the WFC the 11S1’
primary mi:rror is rc-imaged at. precise] y the position of a sm?il 1
convex mirror serving as the re] ay secondary mirror of the rcl ay.
1 n the I’C, t-he HST primary is reimaged rel ativcl y cl ose t-o t-he



rcl ay secondary. Hence it, came about that a defect of the 11S1’
prjmary could be compensated by jntroducjng an equal but opposjtc
IIdcfcctll on small elements ]oca. ted at or near an image of the HST’
primary. l’hjs js j] lustrated jn fjqurc 3.

It was not jnit.j al 1 y known whether in fact the defect COUI d be
ascrj bed to the primary mj rror of the tcl cscopc, c]r whether jt was
caused wholly or partly by errors of t.hc secondary mjrror of the
tc] C?scope . 1 f sjgnjfj cant errors c)f the secondary of 11ST were
j nvol vcd, the sjmpl e f j x j n WFPC COUI d not correct the probl em
except for a tiny fraction of the intended fu] 1 field of vjew of
the instrument.

l’hc exact nature of the defect and the fact that it i s
restri cted to the }1S1’ primary mirror were eventual 1 y we] 1
estab] ished, but extensive studies were necessary to cstabl i sh
these parameters in the year fol ) c)wing the discovery of the
probl cm. A Board of 1 nqui ry had been set, up under the chairmanship
of JP1, Dj rf?ctor Dr. ~,cW Allcn[ 3], to dctermi nc Y1OW an error had
occurred and escaped clctcct. i on during the manufacture ng process.

A second, more dctai 1 ed technj cal i nvest. i gati on of the
abcrrati on was conducted by a team known as the Hubb] e 1 ndependent
Optj cal Review Panel (111 ORP) , chaj red by Prof. Duncan Moore of the
Unjvcrsi ty of Rochester Js 1 nstjtute of Optj cs and sponsored by the
Goddard Space l’] j ght Center (GSIJC) under the 1 eadership of Dr. H.
John Wood[4 ,5]. in partj CUI ar, j t became the primary responsjbi  3 ity
of the H] CIRP to ful 1 y character z,e the optj cal system of HST
through studies of the optical test tooling used in making the
optics as wel 1 as through analysis of the on-orbit images --
actjvitj es that came to be known as “image inversi on anal ysi s“ and
l’prescript.ion rctri eval 11. l’hc investigations of the HI ORP
eventually converged to shc)w tl~at the only significant defect was
that the HST primary mirror’s hyperbolic shape had an incorrect
eccentricity: its conjc constant was somewhere bet.ween -3 .0135 and
-3.0340, instead of the jntended value of -1.0023. ~’his meant that
the fix for WFPC would be sjmp]e enough jn principle, and the HST’S
flaw had been quant-jfjcd we]. ] enough that the project to implement
the fix could gc) ahead. IJ kcwi set PI ans for C@TA~ devel opcd by t-he
Space To] es.cope Science 1 nsti tute tc) compensate the aberratj on for
the axial instruments COU] c1 also be i mpl emcnted wj th conf j dence.

~’hc abcrrati on of the HS’1’ al so gave rj sc to the devcl opmcnt of
a variety of jmage restorati c)n al gori thins whose purpose is to
rccovcr as much as possi b] c of the i ntended i magi ng performance of
the tcl cscc>pe by rcmovi ng the blurring cf fccts of the aberration
[Cf. ref 6].
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At the time HS’1’ was 1 aunched, and its optical f 1 aw discovered,
many parts of WFPC-2, including its optical components, had already
been fabricated. However, the instrument was still about four years
away from its planned date cjf completion. Under the pressure to
recover from the defect of HST, the schedule to complete WI+’PC-2 was
accel eratecl, and to its 1 ist of functional requirements was added
the requirement that its optical system be modified to correct the
sphcri cal aberration of the tclescc)pe to the fullest possible
extent. For the WFC the solution was to change the relay secondary
shape to include an aberration equal and opposite to that in the
11s1’. Fc)r the PC, a small previously flat ‘t foldl’ mirror had to be
made slightly convex so that 11ST’ primary mirror would be focused
precisely c>n the relay scconclary. The PC secondary could then be
used in the same manner as that jn the WFC. ~’he specifications for
the prc- and post-aberration optics arc given in table 1 .
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in principle, these adjustments to the optj cal design of WIJPC-
2 are able to almost ful 1 y correct the f 1 awed perfc)rmance of HS’I’
over the :ful 1 f i e] d of vi cw of the instrument, provided the
components arc manufactured t.o t.i ght (but real i stj c) to] cranccs,
and provided the rccjucsitc al i gnment to] erances are al so met.
Ilowc?ver , an entj rcl y new contrai nt that did not exj st for WFPC-) is
that Lhe image of the 11ST primary formed on the corrccti vc relay
e) ement must be preci se] y centered there, to withi n 1 ess than 1
percent, of its diameter. If this “pupi I” centrati on i ~, not
mai ntai ned,, another aberratj on -- c:oma -- i s i nt. rocluccd, quick] y
de foati ng the purpose of the? cc>rrcctj ve opti cal design and
destroying the abj 1 ity of HST to detect and resolve the faintest
astronorni  cal sources.



]1’ixing t.hc~ _Abcrrat. jon

Tc> make the conceptual fix a reality, much work was needed.
Some c]f the tasks to be undertaken were forcsecabl c at an early
stage. ‘l)hc initj al p] an of attack j nc] udcd four key e] cmcn’ts:

-to deduce accurate] y and with high conf j dence the actual
error buj ) t j nto the }1S1’ optical system;

-to prc]duce an approprj ate] y revised optical prescript. j c)n for
W} I’PC-2 that wj 11 correct the IISqI aberratj on;

-to ensure by analysis that WFPC!-2 wj 11 be proper] y located in
rel ati on t.o the HS1’ focal p] anc;

-to ac;ce] erat, e the devel oprnent- of WF1’C-2 by three years so as
to meet. a new] y p] anncd 1993 servj cj ng mj ssion 1 aunch date.

‘1’he first of thc?sc c1 emcnts of the p] an came to occupy the
attenti on of many workers at JPII, the Space 1’cI escope 1 nstjtut. e,
Goddard Space l’] ight Center, and in j ndust. ry f-or a pcrj od of almost
a year. Two main approaches were possi b] c. l’he f j rst j nvolved a
painstaking series of j nvcstigatj ons of the tool j ng and test
procedures used i n rnanufacturj ng and testj ng the HS’I’ primary and
secondary mi rrc)rs. l’he second approach j nvolved dj agnosis of the
performance of the optj cal system using star j mages recorded by the
observatory in orbj t. It was clear that, high confidence in the
concl usj on:> of t.hcsc di agnoscs WOU1 d be possibl e on] y j f the two
approaches 1 ed to essenti al 1 y the same answers.

1 n fact, t h e“reverse cnginecringll of a severe] y f] awed
opt. i cal system from anal ysis oi’ star images made with it is an ill-
posed mathematical problem whose sol utj on rcqui red a the i nvent. i on
of new methods. 1 n the course of j t, a variety of tcchni cal
approaches were proposed and investigated. From the proposed
approaches ten were se] ected f’or detai 1 ed j nvestigation by separate
teams c>f experts; these arc sumrnari zed in ‘l’able 1. An series of
obscrvat, j o]ns with the 11ST was undcrt.aken to acqui rc a varj cty of
ste] 1 ar jmiagcs for use in these analyses.
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Measur(?ments of the test tool j ng j n 1990 showed that the
apparatus used in making the 11ST opti cs contaj ned one (and on] y
one) sj gnj fi cant error: a 1 ens fermi ng a part of the nul 1 corrector
that was used j n makj ng the prj mary nlj rror was found to have been
wrong] y ) cxated by about I .3 mi 11 j meters. As a result, the prjmary
mj rror of the HS1’ WOUI d have been prccj se] y polj shed to a
hyperbc~l  j c shape but the hyperbol. jc: shape WOUI d have had an
j ncorrect cccentrj cj t.y (or conj c constant) . Detaj 1 s of the anal yses
1 eadj ng to thjs conclusion have been pub] j shed c1 sewhere by C)RA and
l,aurj e Fury of 111)0S.

‘1’he r(?sul ts of jnvestj gatj ens. of on-orbj t inlages took 1 onger
to converge? to a sing] e answer. !rhjs was part] y due to the need to
gradual 1 y clebug and perfect. the computer al gorthms that were new] y
bej ng devcl opcd. When most. of these invcstj gatj ons dj d converge,
however, !L ~ hra s to a resul t that clj f’fered slight] y, but
significant] y, from the answer provj ded by the test tool j ng - the
so-cal 1 ed fossi 1 cvj dcncc. ~’hc? reason fc>r the discrepancy was
eventual ) y discovered and understood: the optj cs i n WFPC-3 , whj 1 e
excel 1 ent enough tc) meet WFPC-2 spccj f j catj ons, were not. perfect.
When the cclntributi on of t.hc WFI’C--3 optj cal jmpcrfc>ctj ons (a sma] 1
resj dual amc)unt of spheri cal almrrati on) was determined from test
records at JP1, and taken j nt.o account., the dj ffercnce between the
manufacture ng tool j ng and the anal ys, js, of on-orbit images was just
what. WC>U]  d be expected. ‘l]hc fossj ] avj d~~nce, t}~~r~for~, cou] d be
trusted to represent to hi g]) prcci sj on the prescription of the
opti cal system of the }ls~’ j n ~rbj t. .

As a practical mat.tcr to mc:ct an acccl crated clc~l ivcry
schedul c, .i t bccamc necessary to commj t. to a corrective WFPC- 2!
optical prescription even be fc>rc the f’jna] results of a] 1 of these



an car] y assessment of the co~li c constant (taken to be -1 .03 35) for
the }lS’I’ prjmary, based prjmarj 1 y upc)n measurements of the test
tool j ncj. 1 :f subsequent i nvcst.i gat, i on changed t.hc estimate of the
bc?st value by a sma] 1 amc)unt (which j n fact. j t dj d) , an
accommodatii on coul d be made: by an adjustment of the WF}]C-2 focus.
When thjs is done, the penal ty i n wave. front qua] j ty js
j nsigni fi cant, (1 css than 2]3 000 waves rms) .

Durj ng the wjnter of 3990 and the Summer of 1991 great efforts
wc)rc expended to det.ermi nc t,hc al i gnment stabi 1 j t.y of the camera
usi ng the avai 1 ah) e f 1 i ght hardware anti the Ilon-orbj ttt resu) t.s. ‘l’he
prj mc concern was the hjgh sclnsjt.jvity  to pupil shear - a 0.004
j nch ( 100 micron) decenter of the secondary mi rror, for exampl c,
WOUI d unaccept,ab] y degrade the performance of the system. Figure
5 shc)ws the sensitivj  ty to mi sal jgnment c>f the key opt. j cal and
structural components.
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‘1’hc rami fi cati ons of t,llcse, cc>nccrns were cxtcnsj VQ. 1 t had
been reccjc~r]i  zcd that to avoid the i nt.ruductj c)n of coma, the
prc}pc>sc?d  f~i x of the }lS’1”s spherical aberrat. i on WC)U1 d rcc~ui rc that.
W}I’1’C-2 be very accurate] y aimed rcl at.ive to the tcl escope and that
the requi rcd accuracy WOU1 d 1 i kc] y cxcecd the capabi 1 i ty of the
t}]rce 1 at.ches that. anchor the i nst.rument i n p] ace i n the radial bay
c>f lISq’. Tc) al 1 ow for this fact., it was dccidcd early in the program
t.o provi dc an active t.i p--tj 1 t-. mcc.hani  sm LO adjust. the pjckoff
mi rror; thi s WOU1 d pcrmi t. any a~~tj cipate.d 1 atch error to be
cc)rrcctcd by rcnlotc control from the ground.

IIowcver, concern al so cxt.ended to the abi 1 j t.y of WFI’C-2 to
mai nt. ai n j. t.s al i gnmcnt. j nt crnal 1 y to the requi red 1 Cvc!l of
accuracy, both durj ng 1 aunch, ancl i n f] ight. T’here was evidence
that i n Wl~PC- 1, the internal al i gnmcnt i n orbit was s) i ghtl y
cii f f crcnt. from the al j gnmcmt. that. liad been documented just bcf ore
1 aunch. l’his WOUI d not have been a prob] em i n WFIIC--I (had the 11S1’
been perfect) , but mjght j ndi. cate the pc)ssi bj 1 j Ly c)f a probl cm i n
WF’I’C-2 because of its new sensitivi t.y to pupi 1 mi sal i gnment.

As a resu] t of such consj dcrat. j ens, J]’], and the scj ence team
docj dcd i n September 3992 to recommend that a secc)nd 1 eve] c)f
active opt.:i cs be imp] cmentcd ~ n WF1’C-2, in the form of actively
tj p-tj 1 t. cc~ntrol 1 ed fc)l d mi rrc)rs i n a] 1 but one of’ the rcl ay optics
channel s o:f the i nst. rumcnt. 1’0 ccmpensat.c for the added cost to
devc~l op ancl bui 1 c1 the Active }1’01 d Mirrors (AFMs) , t.hc decj si on was
al so made to e] imin ate four c)f the original eight channel s of WFI’C.
3 n the resu] ti ng ccInf j gurati c>n, t.hrc[? of t.hc channel s WOU1 d carry
Wide Fi e] c1 Camera opti CS, whj 1 e the fourth WOUI d carry PI anetary
Camera optics. 1 n t.his arrang{?mcnt, the act. ivc pi ckof f mj rror WOU1 d
guarantee a,] ignment. of the channel IIavj ng a f j xed fold mirror. l’hc
t.hrec AFMs WOUI d guarantee al i gnment. of the. re.mai ni ng c.hannc) s.
!l’hese rccommendati on were acccptcd and the task undertaken with
utmost pri c)ri ty.

Rven before the neccssj ty of these measures had come under
sari ous dj scussj on Jplt had uncler-t.akcn  a study i n co] 1 aborati on wi th
Ili tton 1 !I’HK Optical Systems bcgj nning j n June ] 99] to clef i ne a
conceptual approach that. WOU1 c1 al 1 C)W active contrc)l of the W1’/l’C-2
pupi 1 al i gnment. on-orbi t. ~’he approach was to capi t.al i ze on 1 ‘1’EK’s
provc?n 01 ectrostri  ct-ive ac:tuat. or t.echno] c)gy and opt. i ca]
capabi 1 jtjcs. ‘1’he result. of thi s study, whj ch j s di scussed at
1 cngth i n c>ther papers i n thi s sessi on, dc:mc]nstrated that act-j ve
pupi 1 cc)nt: r-o] was tcchnica]  1 y feasjbl e. q’o make it a real jt:y
rec~uj rcd, however, that. 1 ~’HK and JI)I, wc)rk c1 ose] y t.c>gcther  t.o
Clevc?l Op, f] jght c~ua] i fy and de] jvcr a set of f] ight art. icu] ated
f 1 i ght. mi rrors i n nj nc months. ‘1’hj s rcclui red a signj f’i cant
resourc:c c:c)mm i tmant a n c1 a radi cal 1 y di fferent approac:h to
i rnpl emcntat. i on. ~’he dc?vc] opmc~nt of thc~ arti cul ati ng fol d mi rrors



WaS successful both techni cal ] y ant] progra~lnlati  ca] ] y : the mj rrors
were avaj 1 ab] c when needed to support the camera bui 1 dup, they were
compl ct, cd wi t-hi n cost. , and they performed as advc?rti sed.

1 L rcmai ns to menti on a f i na] mocii f i cati on that al so stemmed
from the very tight, al i gnmcni. to] erances in WF1’C-2 . Among possibl e
causes of the c>n-orbi t al i gnment, vari ati ons suspected i n W}4’}IC-I  ,
the highly compl ex pyramid mirror mechani sm became a 1 eadi ng
S>uspcct  . 1 n WFI’C-I , t.his mechani sm provided two capabi ) it-i es: by
movi ng the pyrami d mi rror axi al 1 y i t. COUI d be used to adjust t-he
f ecus c)f t.hc i nst.rumcnt  rcl at. i vc to the t,cl cscopc, and by rotat.i  ng
t}le pyramid mi rror ~ 45 degrees around i ts axis i t served as an
opti cal ‘tswitch$l b~twacn t.h~ WFC and I~C channe] s . l’h~ ] atter
capabi 1 ity was no 1 onger needed i n the clc-scoped 4-channe3 WFI’C-2
conf i gurati on. Moreover, the focus capabi 1 i ty COUI d no 1 ongcr be
used i n WF’PC-2, because i f the pyramid were to be moved axial 1 y,
pupi 1 mi sail ignments WOU1 d be cr.catcd that WOUI d give rise to coma
i n a] ] fou:r channel s. On the Ot.hcr hand, i f smal 1 acij ust.mcnt.s  i n
the f ecus c)f’ WF1’C-2 re] ati vc t.c) t.hc other i nstrumcnts proved to be
necessary i n orbit, t}]o necessary c~apabi 1 ity cxi sts i n the IIS’I’ and
i n COSq’AR to acljust. the focus. ~’or these reasons, the d~ci si on was
ultimate] y reached to rcpl ace t.hc origi nal pyrami d mechani sm by a
fixed mounting so as to eliminate, insc)far as possible, al] risk of
opti cal mi sal i gnmcnt i n the i nstrument.

At the present t.i mc the camera has a] ] opti cal c1 ement.s
i ntcgrateci and successf”u] ] y tested. l’he optical performance, is
si gni f i cant] y bctt. er than ori gi na] ] >7 antj  ~ipa~~~  . T’he camera j s now
in the final st, age. s of i ntegrat, j on. F] j ght acceptance? test. i ng
including a ] engthy Sci cnc:e Cal i brat j on j n thern~a] vacuun, i s
p] anneal tc> be compl cte i n early June. Fol 1 owj ng thjs, the
i nst. rument wi 11 be shipped t.o the GSFC for testing with the 11S1’
simulation cc~uipmcnt to ansurc ccnnpatibi 1 ity i n orbi t. l’he
Servicing Missic~n j  ~, current] y schcdu] cd for 1 aunch j n 1 ate
Nc~ven~ber/earl y I)eccmbcr 1993. Wi t.h 1 uck we wi 11 have images by
Chrj stmas that clemonstrate t hc fu] 1 capabi 1 j ty of the 2.3 meter
mi rror.
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